to be the infimum of the numbers d (A) over all such choices A for given m, n. (In Section 2 we show that d (A) is attained by a set A having alliladl = 1.) We study d (m, n) to learn how tightly the 2 n sums can be packed in space. This is related to a problem of Littlewood and Offord which asks for the maximum number of these sums that can lie in an open ball of diameter 1 [2, 4, 5] .
Trivially d (l, n) = n. Our problem is solved for two dimensions in [4] :
Further, we know how d (2, n) can be attained: the circle into 2n equal arcs. The extremal configurations for the m = 2 case suggest that the extremal configurations in m~3 dimensions may be sets A of unit vectors such that the 2n points from A and -A have a high degree of symmetry on the sphere Sm-l of unit radius in Em. However in m~3 dimensions highly symmetric sets of points do not exist for most values of n. The general problem of finding configurations of N points on Sm-l so that no two points are close to each other is that of designing spherical codes [1] . It seems hard to explicitly construct good spherical codes, and this suggests that the problem of finding extremal configurations for m~3 and most values of n may be very difficult. This note gives upper and lower bounds for d (m, n) which are asymptotically correct when the dimension m is held fixed and the number of points n -+ 00. We will show that by simply picking the vectors ab «z, . . . at random from sr' , d(A) will closely approximate d(m, n) with high probability as n -+00. We will show d(m, n)~Pmn and that d(m, n) -Pmn as n -+ 00, where Pm denotes the average absolute value of a single coordinate, over all points on the unit sphere s»:'. The asymptotic result generalizes the fact that
Before proving these bounds, we derive elementary formulae for Pm and for the variance O'~of the absolute value' of a single coordinate, over all points on the sphere. 
On the same thin slice above, Ixl = [cos 81, so
and the formula for Pm follows.
Since the average values of xi, x~, ... , x~are all equal, and L xr = 1, the average value of xi is m-
1
, and we obtain the formula for u m •
A LOWER BOUND FOR d (m, n)
THEOREMl. dim, n)~Pmn, for m~2. Since SI and SI are both inside the sphere.
PROOF. Let
Select v at random from A m-l using a uniform distribution. Let f(v, A) denote the maximum distance between any two of the projections of the 2 n sums onto the line through the origin and v. Let I = {ilai' v~O}, where· denotes the inner product in Em.
Next observe that 
We remark that in fact equality holds in (1) and indeed we ha ve the stronger result We also note another result, related to (1) . Let P be a set of points in Em and let d *(P ) denote the diameter of the smallest sphere containing all members of P. Certainly
Here equality need not hold , even in E 2
• Consider three po ints forming an equilateral triangle of side 1, so e*( P) = 1 and d * (P )=~31 /2. We apply the above result to Xi = lai . wi-Pm, where a, is a random element of Sm-I and w is any fixed vector in s::'.We conclude that if x~00 and xn -1/ 6~0 as n~00, then for all n ;;;:: no(m). We choose
AN AS YMPTOTIC BOUND FOR d (m , n )
Let {vt, ... , vd be a finite (e/2) -cover of the unit sphere Sm-I. This means the Vk are unit vectors such that for any v E Sm-I, mink IIv -vkll < e/2
